Infectious pancreatic necrosis virus (IPNV) causes the severe disease of salmonid fishes (trout, salmon, etc.) The IPNV virion consists of a double-stranded viral RNA surrounded by a protein capsid. The aim of the work is to determine the role of IPNV virion constituents (capsid proteins and viral RNA) in the formation of spectral properties of the whole IPNV virions. We have measured the UV-Vis absorption, fluorescence, fluorescence excitation, phosphorescence and phosphorescence excitation spectra of IPNV virions, major capsid protein (MCP), and viral RNA dissolved in different buffers. It is shown that the UV absorption of IPNV virions is caused by the absorption of both capsid proteins and viral RNA. The fluorescence of IPNV MCP and virions may be attributed to tyrosine and tyrosine + tryptophan, respectively. The low-temperature phosphorescence of virions can be attributed to that of capsid proteins, rather than viral RNA. The IPNV RNA phosphorescence spectrum exhibits the electronic-vibrational structure and may be due to the emission of adenine links.
Introduction
Viral diseases belong to the most serious threats for the mankind. This is caused by an extremely high rate of infection spread, impossibility to provide a prompt effective vaccination and severe consequences for the human health and the economy. On the other hand, the viruses have become a focus of the rapt attention of physicists, because that kind of biological nanoobjects can be used as a unique template for growing metal-dielectric nanoparticles thanks to their prescribed composition, monodispersity, and accessible interior, which allows one to grow dielectric core particles with a narrow size distribution and an accessible core below 80 nm in diameter [1] . Optical spectroscopy is an efficient informative method to study viruses. It provides well reproducible results and is a powerful supplement to conventional biological methods of studying the living organisms. Thus, it allows one to determine the concentration of virions in the environment or in the tissues of an infected animal. In particular, the fluorescence may be a tool to detect and image viruses, as well as to monitor their host cell interactions and the viral infection of cells. It may be a part of biodefense applications [2] [3] [4] .
It has been confirmed that the energy structures of DNA, RNA, and complex protein macromolecules are determined mainly by the individual properties of their -electron systems such as DNA or RNA nucleotides or aromatic amino acids (tryptophan, tyrosine, and phenylalanine), which are centers of intense UV absorption and fluores-cence ( > 200 nm). Some success has been reached in modeling the spectra of large and complex native biological macromolecules by the spectra of relatively small -electron-containing model compounds [5] . At the same time, it is known that the peak positions of absorption bands and, even to a greater extent, fluorescence bands and the fluorescence quantum yield are highly dependent on the protein structure and the local environment (neighboring amino acid residues and solvent molecules) [2] .
The present paper is devoted to infectious pancreatic necrosis virus (IPNV) that causes the severe disease of salmonid fishes (trout, salmon, etc.). The IPNV belongs to the genus Aquabirnavirus of the Birnaviridae family. The IPNV virion consists of two segments of a double-stranded RNA packed in a nonenveloped single-shelled icosahedrical protein capsid approximately 70 nm in diameter. There are five proteins in the IPNV virion, one of them, namely VP2, being the major capsid protein (i.e., viral protein that is the main component of the capsid) (up to 90% wt. of all IPNV capsid proteins) [6] [7] [8] [9] . The IPNV major capsid protein (MCP) consists of 442 amino acids including the aromatic ones (3 tryptophans, 18 tyrosines and 13 phenylalanines) [10] .
The aim of the present work was to determine the role of IPNV virion constituents (capsid proteins and viral RNA) in the formation of spectral properties of the whole IPNV virions.
Experimental
An aquatic birnavirus was isolated from rainbow trout fry, Onhorhynchus mykiss, during a fish health inspection in fish-farms in the west region of Ukraine near the rivers Siret and Cheremosh (Chernivtsi region) [11] .
The virus was purified from the tissue culture supernatant by the ultracentrifugation. Then the virus suspension was used for the electron-microscopy investigation and viral RNA extraction. For electron microscopic studies, the viral suspension was stained with 2% uranyl acetate. Electron micrographs of IPNV virions are presented in Fig. 1 [11] .
Genomic viral RNA was extracted from collected fish internal organs, the virus-infected cell culture supernatant, and purified virus suspension using a GeneJETTM RNA Purification Kit (ThermoScientific) as described in manufacturer's protocol. The MCP was extracted from IPNV virions according to protocol [12] .
We have measured the absorption, fluorescence, fluorescence excitation, phosphorescence and phosphorescence excitation spectra of IPNV virions, major capsid protein, and viral RNA dissolved in TRISHCl, TRIS-HCl-EDTA, and distilled water, respectively. The absorption spectra were recorded at room temperature with a Specord UV-VIS two-beam spectrophotometer. The fluorescence, fluorescence excitation, phosphorescence and phosphorescence excitation spectra were recorded at room and liquid nitrogen temperatures with a Varian Cary Eclipse fluorescent spectrophotometer. A pulsed xenon lamp with continuous emission spectrum was used as the excitation source. Measurements were carried out in the UV and visible spectral regions ( = 200-650 nm). The spectral width of the exit slit of a fluorescent spectrophotometer was normally 5 nm and did not exceed 10 nm for the weak fluorescence and phosphorescence spectra.
Results and Discussion

Absorption spectra at room temperature
The absorption spectra of whole IPNV virions, viral RNA, and major capsid protein are presented in Fig. 2 . It can be seen that both RNA and MCP contribute to the IPNV virion absorption. Thus, the absorption spectrum for IPNV RNA consists of a few bands with peaks at approximately 252, 257, and 262 nm. A similar structured absorption spec- trum was reported for adenine in [13] , although with somewhat different peak positions. MCP exhibits an absorption edge, whose position and slope are determined by the concentration of the protein in buffer. All spectra were corrected for the solvent absorption. Figure 3 illustrates the fluorescence and fluorescence excitation spectra of IPNV virions, as well as fluorescence spectra of MCP at room temperature. All fluorescence spectra of the samples were checked for the background fluorescence of the solvents. The first two types of spectra practically coincide with the respective spectra of Mosquito iridescent virus (MIV) virions described in [14] . This fact suggests that the fluorescence centers in both IPNV and MIV virions may be the same. Moreover, it was shown that the fluorescence of the whole MIV virion at room temperature was caused mainly by the fluorescence of its capsid proteins [14] .
Fluorescence and fluorescence excitation spectra
It is evident from Fig. 3 that the fluorescence spectra of IPNV virions and MCP do not coincide: they have different peak positions (335 and 310 nm, respectively) and half-widths.
The centers of intense absorption and fluorescence in the UV spectral region ( > 200 nm) in all protein macromolecules are the aromatic amino acids [15, 16] . In our previous work [14] , we also measured the fluorescence and fluorescence excitation spectra of separate aromatic amino acids at room temperature. It was found that the peak positions and halfwidths of the spectral bands of both fluorescence and fluorescence excitation spectra of virions did not coincide with those of separate aromatic amino acids. This may be caused by the following reasons: i) amino acid fluorescence (and phosphorescence) band position is sensitive to the environment and ii) closely located aromatic amino acids may form aggregates within the protein macromolecule [2, 16] .
As to the fluorescence spectra of IPNV virions and IPNV MCP, we can suggest that a 310 nm shortwave band for the MCP (the long-wave band will be discussed later) is likely to be due to the tyrosine fluorescence (similar peak positions and half-widths of the fluorescence band) [14] . Moreover, as was mentioned above, this aromatic amino acid predominates in the IPNV MCP. The larger peak wavelength and larger half-width of the virion fluorescence band may be attributed to the contribution of tryptophan, since it has a higher quantum yield and may be present in the other four proteins of the virion.
The low-temperature fluorescence spectrum of IPNV virions is a single band with a peak at 320-330 nm, while the fluorescence excitation spectrum consists of two bands at approximately 225 and 275 nm.
IPNV RNA exhibits the low-temperature fluorescence band with a peak at 305 nm, whose excitation spectrum has a peak at approximately 273 nm (Fig. 4) . Like the IPNV RNA absorption spectrum (see Fig. 2 ), the fluorescence excitation one is likely to have a structure: one can distinguish a few peaks at 258, 266, 273, and 279 nm.
The IPNV RNA fluorescence spectrum resembles neither RNA nucleotide one (the former has too short peak wavelength and too small half-width compared to those of either RNA base) [5] , although other RNA fluorescence spectra reported in the literature can be modeled as a linear combination of fluorescence spectra of RNA nucleotides, for example, rGMP and rCMP [17] . There is a reason to believe that the different peak positions and half-widths of the RNA fluorescence (and phosphorescence) spectra in the literature and in our study may be attributed to the dependence of the shape and peak position of emission spectra of a solution of either proteins or amino or nucleic acids or nucleotides on the solvent and its pH index [16, 18] .
Phosphorescence and phosphorescence excitation spectra
The low-temperature phosphorescence spectra of IPNV virions and major capsid protein are found to be single bands peaked at 420 nm that practically coincide (Fig. 5) . This fact may indicate that the virion phosphorescence is mainly due to the emission of capsid proteins. The comparison with the phosphorescence spectra of aromatic amino acids alows us to suppose that both tyrosine and tryptophan contribute to the above-mentioned spectra [18] .
The 420 nm phosphorescence band superimposes on the fluorescence spectrum of MCP at both room and liqiud nitrogen temperatures (Fig. 6 ), which may be caused by a short phosphorescence lifetime and the inability of a fluorescent spectrophotometer to cut off the phosphorescence signal with a lifetime of less than 1 s [19] . So, the fluorescence spectrum of IPNV MCP is a single band with a peak at 310-320 nm, which may be related to tyrosine.
The phosphorescence spectrum of IPNV RNA has quite a different shape. It exhibits the electronicvibrational structure with distinct bands at approximately 400, 430, 460 nm and longer wavelengths, the first three bands having identical excitation spectra (Fig. 7) . On some samples of IPNV RNA, we also observed a short-wave phosphorescence peak at approximately 370 nm under the same excitation conditions. Figure 8 illustrates the emission spectrum from Fig. 7 recalculated as the number of photons One can see distinct peaks at 3.1, 2.9, 2.7, and 2.5 eV. This electronic-vibrational structure of the spectrum may be attributed to that of the phosphorescence of adenine, because this nucleotide has the lowest first triplet energy level among all RNA nucleotides and because of the fact that the triplet excitation can be freely transferred along the RNA macromolecule [5, 17] . Some discrepancy in the peak positions in RNA and adenine phosphorescence spectra may have the same causes as described above.
From Figs. 5 and 7, one can conclude that the lowtemperature phosphorescence of IPNV virions can be attributed to that of capsid proteins rather than viral RNA.
Conclusions
It is shown that the UV absorption of IPNV virions is caused by the absorption of both capsid proteins and viral RNA. The fluorescence of IPNV MCP may be attributed to the emission of tyrosine, while the fluorescence of IPNV virions to that of both tyrosine and tryptophan. The low-temperature phosphorescence of virions can be attributed to that of capsid proteins rather than viral RNA. The IPNV RNA phosphorescence spectrum exhibits the electronicvibrational structure and may be due to the emission of adenine links.
